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A S S E S S M E N T  O F  I N N A T E  I M M U N I T Y  O F  
F A T H E A D  M I N N O W  A C U T E L Y  E X P O S E D  T O  
I N D I V I D U A L  A N D  C O M P L E X  M I X T U R E S  O F  
C O N T A M I N A N T S  O F  E M E R G I N G  C O N C E R N  
J O S H U A  G O R D O N
The findings and conclusions in this presentation are those of the authors and do not necessarily represent the 
views of the U.S. Fish and Wildlife, U.S. Environmental Protection Agency or the U.S. Geological Survey.





Pharmaceuticals and personal care products (PPCPs)








































































Highly accepted model of aquatic toxicology










Complex urban mixtures, and their individual components, will cause measurable 
changes in neutrophil function and gene expression of neutrophil-specific genes of 
fathead minnow.
H1. Kidney in fathead minnow is the optimal lymphoid organ for testing 
neutrophil function.
H2. Complex urban mixtures and their individual components will decrease 
neutrophil function.
H3. Complex urban mixtures and their individual components will increase 
mpo expression.
H4. Complex urban mixtures and their individual components will decrease 
mpo expression.
H5. Complex urban mixtures and their individual components will increase 
neutrophil function. 
EXPERIMENTAL DESIGN
• 21 individual, 3 mixtures




• 6 fathead minnows per exposure group (30 total)
96 Hour 
Exposure
• Kidneys and spleensTissue 
Collection 
NEUTROPHIL ISOLATION
Kidneys (6 per sample)
Homogenization  à Cell count
Gradient











Gene (Symbol) Primer name Sequence Accession #





















TATA box binding protein (tbp)
Forward CATTCGATTAGAGGGCCTGG (Saari, Schroeder, 
Ankley, & Villeneuve, 
2017)Reverse CCTGGGAAATAACTCTGGTTCA










































































































Kidney is the optimal lymphoid organ for assessing neutrophils.
Significance found in the acute individual compound and mixture exposures for MPO assay.
Estrone (L, H), BPA (L, H), Nonylphenol (M), BTA (M), Metformin (L, H), 
Fluoranthene (UL, H), Desvenlafaxine (L, M, H), Ibuprofin (L, H) 
Sulfamethozaxole (H), Fexofenadine (L, H), URM (UL),  All (H)
Common trends observed among MPO assay and mpo expression.
Significance found in Fexofenadine (L) for mpo expression.
CONCLUSION 
Functional and gene expression studies of 
MPO might serve as an endpoint for 
evaluation of CECs’ effects on neutrophils of 
fathead minnows.
ACKNOWLEDGEMENTS 
Office of Sponsored Programs
St Cloud State University
US Fish and Wildlife Service
Aquatic Toxicology Lab
St Cloud State University
United State Geological Survey (USGS)
Great Lakes Restoration Initiative 
Dr. Marina Cetkovic-Cvrlje
Dr. Satomi Kohno
Dr. Heiko L. Schoenfuss
Utku Hasbay
